A moderately halophilic bacterial strain, designated XH204
The genus Oceanobacillus, a member of the family Bacillaceae, was first proposed by Lu et al. (2001 Lu et al. ( , 2002 with the type species Oceanobacillus iheyensis. The description of the genus was later emended by Yumoto et al. (2005) , Lee et al. (2006) and Hirota et al. (2013a, b) . Members of the genus Oceanobacillus are Gram-positive, spore-forming rods and motile by means of peritrichous flagella. Ellipsoidal spores are subterminal or terminal within swollen sporangia. The predominant cellular fatty acid is anteiso-C 15 : 0 , the major isoprenoid quinone is menaquinone-7 (MK-7) and the DNA G+C content is 35.8-40.1 mol% (Hirota et al., 2013a) . At the time of writing, the genus Oceanobacillus comprises 15 recognized species, subspecies and a recently published novel species whose name has not yet been validated, which have been isolated from a wide range of environments: Oceanobacillus iheyensis from deep-sea sediment (Lu et al., 2001) ; Oceanobacilus oncorhynchi subsp. oncorhynchi from the skin of a rainbow trout (Yumoto et al., 2005) ; Oceanobacillus oncorhynchi subsp. incaldanensis from an algae (Romano et al., 2006) ; Oceanobacillus picturae from a mural painting (Heyrman et al., 2003; Lee et al., 2006) ; Oceanobacillus profundus from deep-sea sediment core (Kim et al., 2007) ; Oceanobacillus chironomi from a chironomid egg mass (Raats & Halpern, 2007) ; Oceanobacillus caeni from a wastewater treatment system (Nam et al., 2008) ; Oceanobacillus kapialis from fermented shrimp paste (Namwong et al., 2009) ; Oceanobacillus sojae from soy sauce production equipment (Tominaga et al., 2009) ; Oceanobacillus neutriphilus from activated sludge ; Oceanobacillus locisalsi from marine solar saltern (Lee et al., 2010) ; 'Oceanobacillus manasiensis' from a salt lake ; Oceanobacillus kimchii from mustard kimchi (Whon et al., 2010) ; Oceanobacillus indicireducens from a fermented Polygonum indigo (Hirota et al., 2013a) ; Oceanobacillus chungangensis from a sand dune (Lee et al., 2013) ; and Oceanobacillus polygoni from indigo fermentation fluid (Hirota et al., 2013b) . A novel bacterial strain, designated XH204 T , was isolated from a deep-sea sediment core (29.6-29.7 To characterize the isolate phenotypically, standard tests were performed according to the proposed minimal standards for the description of aerobic, endosporeforming bacteria (Logan et al., 2009) . Cell morphology was determined by transmission electron microscopy (JEM-1200EX; JEOL) after cells had been negatively stained with 1 % (w/v) phosphotungstic acid. NaCl requirement and tolerance were determined on synthetic marine ZoBell broth (5 g peptone, 1 g yeast extract and 0.1 g FePO 4 in 1 l water) supplemented with varying concentrations of NaCl (1-25 %, w/v, in 1 % intervals). In the modified artificial seawater, all of the Na + was replaced by appropriate K + . Growth without NaCl was determined using a minimal medium (containing l -1 distilled water: 0.5 g asparagine, 0.5 g K 2 HPO 4 , 0.3 g KOH, 0.2 g MgSO 4 . 7H 2 O, 0.01 g FeSO 4 . 7H 2 0, 15 g agar and 10 g glucose; Hopwood, 1967) without any component that may include minor amounts of NaCl. The pH range for growth was determined in marine broth 2216 (MB; Becton Dickinson) adjusted to pH values between pH 2.0 and 12.0 (in intervals of 1 pH unit) using the following buffers: Na 2 HPO 4 /citric acid (for pH 2.0-7.0), Tris/HCl (for pH 8.0-9.0), NaHCO 3 /Na 2 CO 3 (for pH 10.0-11.0) and KCl/NaOH (for pH 12.0). The temperature range for growth was tested on MA at 4, 15, 28, 30, 37, 42 and 45 u C for 7 days. Growth at different pH and NaCl concentrations was measured by monitoring changes in OD 590 over time. Gram-staining and flagellum staining were determined by standard methods (Beveridge et al., 2007) . Endospore staining was conducted using the method of Schaeffer and Fulton (1933) . Anaerobic growth was assessed on MA incubated in an anaerobic jar which was filled with nitrogen and with a packet of AneroPackAnaero (Mitsubishi Gas Chemical Co.) for 30 days at 28 uC.
The following tests were performed on strain XH204
T and the three reference strains. Standard protocols (Tindall et al., 2007) were used to assess catalase (method 2) and oxidase activities, and hydrolysis of starch, casein, gelatin (method 2), agar, cellulose (method 2, filter paper) and Tweens 20, 40 and 80 (method 2). DNase agar (Qingdao 96 Hope Bio-technology) prepared with sterile seawater was used to detect DNase activity. Chitin (1 %, w/v), CMcellulose (1 %, w/v) and sodium alginate (2 %, w/v) were added to MA to determine their degradation by observing the formation of clear zones around colonies directly or after flooding with appropriate solutions (Teather & Wood, 1982) . Activities of constitutive enzymes, the fermentation/oxidation profile, acid production and substrate utilization as sole carbon and energy source were performed using API 20E, API 20NE, API 50CH, API ZYM strips (bioMérieux) and the Gram-positive MicroPlate kit (Biolog) according to the manufacturers' instructions, except that sterile seawater was used to prepare the inocula. The detailed results of the morphological, physiological and biochemical characteristics of strain XH204
T are given in the species descriptions and in Table 1 (a transmission electron micrograph of strain XH204
T is available as Fig. S1 in the online Supplementary Material). It is noteworthy that strain XH204
T shared the same temperature range for growth (15-42 u C) as Oceanobacillus profundus DSM 18246 T (Kim et al., 2007) and Oceanobacillus iheyensis JCM 11309
T (Lu et al., 2001) , which were also isolated from deep-sea sediments.
For cellular fatty acid analysis, cells of XH204 T and the reference strains were grown aerobically on MA at 28 u C for 48 h until they reached the logarithmic stage. Fatty acid methyl esters were obtained by saponification, methylation and extraction according to the standard protocol described in the Sherlock Microbial Identification System (MIDI) (Sasser, 1990) with the Sherlock version 6.0 and the included database. The major respiratory quinones were extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC as described by Collins (1994) . For polar lipid analyses, cells grown in MB for 3 days at 28 u C were harvested and freeze-dried. Polar lipids were extracted, separated by two-dimensional TLC using silica gel 60 F254 plates (Merck) and identified by spraying the plates with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . For analysis of amino acids and sugars in the cell-wall hydrolysate, wet biomass was well-suspended in 2-propanol/water (1 : 1, v/v), and the analysis was carried out by the Identification Service of the DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany). Analysis of whole-cell sugars was performed according to the procedure described by Becker et al. (1965) . Amino acids in the cell-wall hydrolysate was analysed by the method described by Schleifer & Kandler (1972) . The G+C content of the chromosomal DNA was determined according to the methods described by Mesbah and Whitman (1989) using a reverse-phase HPLC.
The genomic DNA of strain XH204
T was extracted and purified using a commercial kit (BioDev). The 16S rRNA genes were amplified by PCR using two universal primers B8F: 59-AGAGTTTGATCCTGGCTCAG-39 and B1510: 59-GGTTACCTTGTTACGACTT-39. The PCR product was purified using the TIANgel midi purification kit (TIANGEN Biotech), ligated to the pUCm-T (TaKaRa) and sequenced at BGI (Qingdao, China). The near-complete 16S rRNA gene sequence of strain XH204 T (1500 nt) was submitted to GenBank/EMBL databases. Calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Sequences were aligned using the CLUSTAL_X program (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining, maximumlikelihood and maximum-parsimony methods with Kimura's 2-state parameter model analyses (Kimura, 1980) T and related species in the genera Oceanobacillus, Ornithinibacillus and Virgibacillus were in the ranges 92.6-95.6 %, 92.5-94.8 % and 91.2-94.6 %, respectively. In the neighbour-joining phylogenetic tree (Fig. 1) reconstructed on the basis of 16S rRNA gene sequences, strain XH204
T formed a distinct lineage in the cluster comprising species of the genus Oceanobacillus. Thus, it is clear that the isolate belongs to the genus Oceanobacillus. The trees based on maximum-likelihood and maximumparsimony methods showed essentially similar topology (results not shown). The phylogenetic analyses and low 16S rRNA gene sequence similarities to species of the genus Oceanobacillus indicated that strain XH204
T could be discriminated from previously reported species of the genus Oceanobacillus.
The cellular fatty acid profile of strain XH204
T and the three reference strains are listed in T had large amount of branched fatty acids, the major components were anteiso-C 15 : 0 , iso-C 14 : 0 and iso-C 16 : 0 , although there were differences in the fatty acid composition and proportion of some components, particularly iso-C 15 : 0 . The genomic DNA G+C content of strain XH204
T was 38.8 mol%, a value within the DNA G+C content range of the genus Oceanobacillus (35.8-40.1 mol%; Hirota et al., 2013a) .
In accordance with other members of the genus Oceanobacillus (Lee et al., 2006 (Lee et al., , 2013 Namwong et al., 2009; Lee et al., 2010; Yang et al., 2010; Hirota et al., 2013a, b) 
strain XH204
T contained MK-7 as the major respiratory quinone and meso-diaminopimelic acid (meso-DAP) as the diagnostic diamino acid. Furthermore, the peptidoglycan type of strain XH204
T differentiated the novel isolate from the closely related genus Ornithinibacillus, which contained L-Orn-D-Asp (Kämpfer et al., 2010) . Ribose, glucose and galactose were the major whole-cell sugars of strain XH204 T .
The major polar lipids detected in strain XH204
T were phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidylinositol (PI), one unidentified aminolipid (AL) and one unidentified glycolipid (GL) (Fig. S2) . The polar lipid profile shared several of the major compound characteristics with recognized species of the genus Oceanobacillus, including the major compound PG and the presence of PI (Romano et al., 2006; Namwong et al., 2009; Hirota et al., 2013a, b; Lee et al., 2013) .
Strain XH204
T shared many common traits with the three related species of the genus Oceanobacillus in both phenotypic analysis and chemical characterizations. However, strain XH204
T could be distinguished from these reference strains by several obvious differences including tryptophan deaminase, alkaline phosphatase, acid phosphatase and a-glucosidase activities, utilization of citrate and hydrolysis of casein (Table 1) . Based on phenotypic and phylogenetic data, strain XH204
T represents a novel species of the genus Oceanobacillus, for which the name Oceanobacillus pacificus sp. nov. is proposed.
Description of Oceanobacillus pacificus sp. nov.
Oceanobacillus pacificus (pa.ci9fi.cus. L. masc. adj. pacificus peaceful, referring to the Pacific Ocean from where the type strain was isolated).
Cells are Gram-stain-positive, obligately aerobic, peritrichously flagellated, straight rods (0.3-0.863.1-4.7 mm), which produce ellipsoidal endospores subterminally positioned within swollen sporangia. Colonies on MA are circular, smooth, low convex and creamy white after incubation for 48 h at 37 u C. Growth occurs at 15-42 u C (optimum 37 u C), at pH 7.0-10.0 (optimum pH 8.0), and in the presence of 0-14 % (w/v) NaCl (optimum 4 % NaCl). Oxidase-and catalase-positive. DNA, aesculin and Tween 40 are degraded. Tweens 20 and 80, alginate, CM-cellulose, casein, starch, urea, chitin and gelatin are not hydrolysed. In the API 20E/20NE strip, there are positive results for tryptophan deaminase, gelatinase and aesculin hydrolysis, and negative results for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, urea hydrolysis, deaminase and indole production. In the API ZYM strip, naphthol-AS-BIphosphohydrolase, leucine arylamidase, esterase lipase (C8) and esterase (C4) are present; esterase lipase (C14), aglucosidase, trypsin, a-chymotrypsin, cystine arylamidase, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetylb-glucosaminidase, a-mannosidase, alkaline phosphatase, valine arylamidase, acid phosphatase, b-glucosidase and bfucosidase activities are absent. In the GN2 MicroPlate, adonitol, N-acetyl-D-glucosamine, L-arabinose, D-arabitol, i-erythritol, D-galactose, gentiobiose, D-mannitol, D-psicose, L-rhamnose, D-sorbitol, methyl pyruvate, citric acid, formic acid, a-hydroxybutyric acid, itaconic acid, a-ketobutyric acid, DL-lactic acid, quinic acid, succinic acid, glucuronamide, Oceanobacillus pacificus XH204 T (JX501255) Fig. 1 . Neighbour-joining tree based on 16S rRNA gene sequences showing the phylogenetic position of strain XH204 T and other related micro-organisms. GenBank accession numbers are given in parentheses. Numbers at nodes are bootstrap values (expressed as percentages of 1000 replicates); only values ¢70 % are shown. Filled circles indicate that the corresponding nodes were also recovered in the maximum-likelihood and maximum-parsimony trees. Alicyclobacillus acidiphilus TA-67 T was used as an outgroup. Bar, 0.01 substitutions per nucleotide position.
D-alanine, L-alanine, L-alanyl glycine, L-asparagine, L-aspartic acid, DL-carnitine, c-aminobutyric acid and glucose 6-phosphate are oxidized. According to the results of API 50CH strip, acid is produced from D-glucose, N-acetylglucosamine, L-fucose, trehalose, D-mannose, cellobiose, maltose, lactose, D-fructose, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, amygdalin, arbutin, glycerol, L-arabinose and mannitol, but not from other substrates. The major respiratory quinone is MK-7. Polar lipids consist of PG, PE, PI, one unidentified aminolipid and one unidentified glycolipid. The cell wall contains meso-DAP as the diagnostic diamino acid, and ribose, glucose and galactose as the major whole-cell sugars. The dominant cellular fatty acids (.10 % of total) are anteiso-C 15 : 0 , iso-C 14 : 0 and iso-C 16 : 0 .
The type strain, XH204
T (5DSM 25873 T 5JCM 18381 T ), was isolated from deep-sea sediment core of the South Pacific Gyre. The DNA G+C content of the type strain is 38.8 mol%.
